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COMPLETE SPECIFICATION 

Improvements in and' relating to 'Modified Amino triazine- 

ForEsaal^fehyde Res-isi Composfifcions; 



We, British Industrial Plastics 
Limited, a Company organised under the 
Laws of Great Britain, Haymarket House, 
Haymarket, London, S.W.I, do hereby 
declare the invention, for which we pray that 
a patent may be granted to- us, and the 
method by which it is to be performed, to be 
particularly described in and by the follow- 
ing statement: — 

This invention relates to thermosetting 
compositions and more particularly to the 
manufacture of improved thermosetting com- 
positions comprising aminotriazine-aldehyde 
resins, especially such compositions as are 
used as thermosetting moulding and laminat- 
ing compositions, and mouldings arid 
laminates produced therefrom. 
~~ According to the invention thermosetting 
compositions comprising aminc-triazine- 
aldehyde recins are modified, to improve their 
plasticity or flow and fusibility characteristics 
under heat by the incorporation in the com- 
position cf one or more polyethylene glycols 
of the typical composition 

^ HO.CH : .CH:(O.CH : .CH,)nOH 3 
and of molecular weight within the range 722 
to 7542, i.e. where n=15 to 170. Such com- 
positions containing a partially-condensed 
aroinotriaziaealdehyde resin and a suitable 
polyethylene glycol are. particularly advan- 
tageous, and it is possible, according to the 
invention, to provide cured, 'moulded and 
laminated articles by forming such a partially- 
condensed compositions and then curing. 

In the manufacture of modified or 
plasticised compositions according to the 
invention, formaldehyde is the preferred alde- 
hyde but ether aldehydes, e.g.~benzaldehyde, 
may be used as well, or instead, if desired. 
The preferred aminotriazkie is melamine, but 
related compounds such as ammeline, melam 
and benzeguanamine may be used as well, or 

[Priced— I 



instead, if desired. The ratio of aldehyde to 
aminotriazine generally ranges from 0.43 to 
2— CHO radicals per — NH L . radical of the 
arninctriazine employed. Thus, in the case of 
melamine formaldehyde resins molecular pro- 
portions of 1:3:1 to 6:1 of formaldehyde 
to melamine may be used, which corresponds 
co 0.43 to 2 — CHO radicals per — NH 2 
radical of the melamine used. In the case of 
melamine a mol ratio of 1.5 : 1 to 3:1 is pre- 
ferred. It will be understood that suitable 
resin-forming reagents may be employed as 
well as, cr instead of the resins themselves. 

The preferred proportions of polyethylene 
glycol will normally range for most purposes 
from 2% to 30% by weight on the weight 
of aminotriazine-aldehyde resin or resin- 
fonning reagents used, but the invention is 
not restricted cr limited to these proportions. 
The polyethylene glycols may be added if 
desired as reagents or modifiers in the initial 
condensation process tc form the amino- 
triazine-aldchyde resin, or at any convenient 
stage after partial condensation, and sub- 
mitted thereafter to further condensation or 
final curing, whenever desired. Catalysts 
and/or initiation agents, and other additives 
may be added if desired. 

If desired, the aminotriazine-aldehyde com- 
ponents of such systems may comprise 
alkylated or partially alkylated products 
resulting from the reaction of the amino- 
triazine and aldehyde with alcohols, prefer- 
ably monchydric alcohols, containing 1 — 3 
carbon atoms, such as methyl or ethyl alcohol, 
and co-reaction of the amino resin with the 
polyethylene glycol may be carried out simul- 
taneously in the presence cf one or more 
alcohols if desired. Alternatively, the reaction 
with an alcohol may be earned out after 
partial condensation has taken place. 

Suitable polyethylene glycols over the 
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desired range of molecular weights are avail- 
-~ able commercially. Minor amounts Gf higher 
or lower molecular weight glycols may be 
present as well, if desired, but in general it 
5 is found that resin-compatibility diminishes 
progressively with increasing molecular 
weight; and water solubility, which tends to 
impair water-resistance of the. cured resin 
products, increases with lower molecular 
10 weight, thus limiting the usefulness of 
materials Gutside the above denned range. 

Suitable materials are " Carbowax " 
(Registered Trade Mark). Polyethylene 
glycols 100Q fmol wt. range 950-4050); 
15 1540 (mol wt. range 1300—1600); 4000 
(mol wt. range 30CO— - 3700); and from 
another source (Oxirane Ltd.) technical 
grades described as SG0 fmol wt. range 
760—840). 1000 (mol wt. range 950—1050); 
20 1500 (mol wl range 1300—1600). 4000 (mol 
wt. range 3000 — 4000); 6000 (mol wt. range 
5000—7500). 

When present during the condensation 
reactions, the polyethylene glycols appear to 
25 react as resin-modifiers and contribute 
appreciably to improved storage stability of 
the aqueous resin compositions. They may be 
added, alternatively, to pre-condensed resin 
compositions solutions or dispersions which 
30 may then be dried and heat-treated, or if 
desired solid fusible resin compositions or par- 
tially-condensed dry powder resin composi- 
tions may be blended with. the polyglycols and 
heat-treated, to advance the degree of poly- 
35 merisation while conserving adequate 
fusiblity of the products. 

It is possible thereby to obtain partially- 
cured resin products which even after very 
thorough pre-drying or pre-cure still retain 
tO adequate resin-flow and fusibility for hor- 
press moulding and laminating applications. 
The resultant cured products accordingly 
have much improved dimensional stability 
(mould-shrinkage and after shrinkage are 
45 reduced), better resistance to crazing under 
dry heat and much superior electrical pro- 
perties. 

Hot-pressed products of die invention 
generally have improved plasticity and 

50 flexibility, especially while hot or when 
reheated. Machining properties of products 
comprising cellulose or other organic fillers, 
especially hot punching and post-forming pro- 
perties, are thereby improved. 

55 The modified resins are especially valuable 
for the production of glass-fabric laminates 
for high-duty electrical insulation, where pre- 
viously no really suitable resin plasticisers or 
modifiers for aqueous systems of amino- 

60 triazine-aldehyde resins have been found to 
give all the requirements of high dielectric 
strength, good water-resistance, low power 
factor at 90° C, good resistance to tracking 
and arcing, and non-inflammability of the 

65 ) finished products. 



Melamine-resin bonded glass fabric 
laminates for electrical insulation are 
normally made by impregnating electrical- 
grade glass fabric with an aqueous solution 
of the resin and drying the steel; in a 70 
current of hot air until all the free water 
is evaporated and the resin has been 
advanced in condensation to some extent by 
partial pre-cure, resulting in some further 
degree of dehydration. * The resin-loaded 75 
fabric is then cut into sheets and a plurality 
of these plies is then consolidated and cured 
in a hot-press. For good consolidation it is 
essential that the resin shall have adequate 
flow and fusibility to allow complete expres- 80 
sion of air. so that all voids are filled with 
resin and so eliminated; and for good elec- 
trical insulation values, it appears essential 
that ..the residual hydroxyl-content, or 
methyld grcups, of the resin shall be reduced 85 
by drying and pre-cure to the lowest possible 
value consistent with retention of sufficient 
resin fusibility, so that further elimination 
of water from the resin during cure in the 
hot-press is also reduced to a minimum. With 90 
unmodified resins obtained by the aqueous 
condensation of melamine and fomraldehyde 
it is found, because of these considerations, 
that although laminates of high dielectric 
strength can be made without any great difh- 95 
culty, the residual traces of water of con- 
densation liberated during cure of the resin in 
hot-pressing are contained in the products, 
and their effect is to cause a very considerable 
worsening of the power factor of the material 100 
in use at elevated temperatures. A further 
defect is that under dry heat such products 
are found to be very prone to microscopic 
crazing of the resin. This may be due in part 
to differential thermal cc-efficients of expan- 105 
sion. of the resin and glass, but appears also^ 
to be due to some extent to brittleness and 
shrinkage of the resin in drying out with 
further heating. These microscopic cracks 
subsequently allow ingress of moisture when 110 
damp conditions are encountered, causing 
further deterioration in insulating properties. 
In the case of such unmodified resins it is 
invariably found that all attempts to achieve 
removal of more water by extra drying — 115 
or heat-treatment — before pressing result in 
too much loss of Sow, preventing good con- 
solidation. 

As already mentioned above, the modified \ 
resins used according to the present invention 120 
-allo;v extensive pre-drying without such loss of 
flow and thereby overcome the aforesaid dis- 
advantages and defects. _ I 

The following examples are given for the 
purpose of illustrating the invention. The 125 
"carts" mentioned are parts by weight. 

Example 1 
To a slurry of 504 parts of finely ground 
melamine (4 mols), 490 parts of com- 
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mercial formalin containing 180 parts CH 2 0 
(6 mols), and 374 parts of water, was added 
137 parts of commercial Polyethylene Glycol 
1500 together with 1.5 parts triethylamine as 

5 condensation agent. The mixture was heated 
rapidly to boiling point under a refiux con- 
dense^ yielding in about 10 to 15 minutes a 
clear solution which was then further con- 
densed by boiling for a total of about 1£ 

10 hours until a test sample of the solution 
cooled to 20° C. would just tolerate dilution 
with 2 volumes of water at 20° C. per volume 
of resin solution without causing precipitation 
of resin, whereupon the charge was rapidly 

15 cooled. A moderately viscous clear resin solu- 
tion of good storage stability was obtained. 

Closely-woven square-weave electrical- 
grade glass fabric approximately .005" thick- 
ness, flame cleaned at 450° — 500° C. for 

20 removal of organic sizing, was impregnated 
with said resin solution and drawn over 
rollers to ensure even coating and removal 
of excess resin solution. The conditions were 
adjusted so that after drying (about to be 

25 mentioned) of the impregnated fabric the 
material contained approximately 56.5% by 
weight of glass and 43.5% plasticised resin. 
From the impregnating bath the material was 
fed to a well-ventilated hot air oven "with a 

30 residence time of about 10 minutes at 90° C. 
in the drying zone, followed by further heat 
treatment for 20 minutes at 120° C. for 
partial pre-cure of the resin. 
Ten plies of this heat-treated resin-loaded 

35 fabric were assembled in a pack arid hot- 
pressed between steel plates for 2 hours at 
135° C under an applied pressure of 1000 lbs 
per square inch on the pack, which was then 
cooled under pressure. Power factor tests of 

40 this material were made according to die 
method of test described in B.S.S. 1137, and 
recorded .020 at 20° C. and 0.213 at 90° C. 

A test piece of the laminate was baked for 
30 minutes at 100° C in an air-oven, cooled, 

45 stained with ink and examined under the 
microscope for crazing; No more than a few 
minute surface cracks were detected. 

Example 2 
A commercial 1/1.5 mol ratio melamine- 
50 formaldehyde laminating resin, in spray-dried 
powder resin form, was dissolved at 50% 
concentration in water at 50° — 60° C. To 
1000 g. lots of the solution were added res^ 
pectively : — 

55 (a) 100 gm. commercial Polyethylene 
Glycol 4000. 

(b) 100 gm. commercial Polyethylene 
Glycol 6000, and the solutions cooled to room 
temperature. 

60 Heat-cleaned glass fabric^ as used in 
Example 1, was impregnated with solution 
(a) to give after drying a glass content of 
56%. The drying was for about 10 minutes 
at 90° C. and this was followed by further 



heat-treatment for 20 minutes at 65 
110 — 112° C. in the air-oven. Ten plies of 
the heat-treated, fabric were assembled and 
hot pressed for 3 hours at 125° C and 
1000 lbs per square inch pressure. 

56% glass-content stock impregnated with 70 
solution (b) was similarly dried and heat- 
treated. 10-ply laminates thereof were cured ' 
during 2-} hours at 125° C. under 1000 lbs, 
p.s.L pressure. 

Power-factor results of these laminates 75 
were as follows: — 

(a) .022 at 20° C; 0.17 at 90° C. 

(b) .019 at 20° Q 0.18 at 90° C. 

Example 3 

Heat-cleaned glass fabric, as used in the 80 
foregoing examples, was impregnated with a 
solution comprising: — 

100 parts commercial 1/1.5 mol ratio 
mdamine-formaldehyde spray-dried powder 
laminating resin; 100 parts water; 15 parts 85 
commercial Polyethylene Glycol 1000; 
giving after drying approximately 56% glass^ 
content stock. 

The material was dried for 10 minutes at 
90° C. and then heat-treated for 50 minutes 90 
at 100°— 105° C. in an air oven. 10-ply 
laminates for the heat treated material were 
pressede 2 hours at 125° C. under a pressure 
of 1000 lbs per square inch. Power factor 
results of the cured laminates were as 95 
follows: — 

0.11 at 20° C; 0.26 at 90° C. 

Example 4 

Heat-cleaned glass fabric, as used in pre- 
vious examples was impregnated with a solu- 100 
tion comprising: — 

100 parts commercial 1/2 mol ratio 
melamine-forrnaldehyde spray-dried powder 
laminating resin; 100 part's water; 20 parts 
commercial Polyethylene Glycol 4000, giving 105 
after drying 56% glass content stock. 

The material was dried for 10 minutes at 
90° C. and then heat treated for 12 minutes 
at 110°— 112° C. in the air oven. 10-ply 
laminates of the heat-treated material were 110 
cured during 3 hours at 125° C. under 1000 
lbs per square inch pressure. 

Power factor results of the cured laminates 
were as follows: — 

0.028 at 20° C; 0.532 at 90° C. 115 

Comparison Example 
For comparison with the foregoing 
examples heat-cleaned glass fabric as used in 
said examples was impregnated with a 50% 
aqueous solution of the commercial 1/2 mol 120 
ratio melamine-forrnaldehyde spray-dried 
powder laminating resin to give 55% — 56% 
glass content after drying. The material was 
dried for 10 minutes at 90° C ? and in further 
experiements 15—20 minutes at 80° C, in 125 
an air-oven. Further drying or heat treatment 
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of these materials led in all cases to loss of 
flow and insufficient fusibility to give good 
bonding in subsequent hot-pressing. 10-ply 
laminates v/ere pressed, under a pressure of 

5 1000 lbs per square inch,, from the above 
material, having lieen cautiously dried as des- 
cribed, and cured fcr 2 hours at 125° C. 

Pcvrer factor results of cured laminates, 
were of the order of 0.2—03 at 20° C. and 

10 greater than 1 at 90' C. 

Test pieces of these laminates when baked 
for 30 minutes at 1C0° C. in the air-oven, 
cooled and stained with in!:, showed very bad 
crazing of the material. 

15 V WHAT WE CLAIM IS: — 

1. Thermosetting compositions comprising 
aminotriazine-aldehvde resins modified by 
the incorporation of one cr more polyethylene 
glycols of the general formula: 

20 " HO.CK_.CH(O.CH .CH^OH 

wherein n is 15 to 170, tiie ratio of aldehyde 
radicals to amino radicals in said resins being 
0.43 to 2— CHO radicals per — rJIL radical- 

2. Thermosetting compositions according 
25 to Claim 1, wherein the aminotriazine is 

melamine. 

3. Thermosetting compositions according 
to Claim 1, wherein the amincrriazine is 
ammeline, melam or benzeguanamine in addi- 

30 tion to, cr instead of, melamine. 

4. Thermosetting compositions according 
tc any of the preceding claims, wherein the 
aldehyde is formaldehyde. 

5. Tliermosetting cempesitions according 
35 to Claims 2 and 4, wherein the mol ratio of 

. formaldehyde to melamine ranges from 
1.5:1 to 3:1. 

6. Thermosetting compositions according 
to any of the preceding claims,, wherein the 

40 polyethylene glycol used is any of these 
hereinbefore specifically described^ 

7. Thermosetting compositions according 
to any of the preceding claims, wherein the 
amount of polyethylene glycol used is from 

45 2 — 30% by weight calculated cn the weight 
of airunotriazmc-aldehyde resin or amino- 
triazine-aidehyde resin-forming agents used. 

8. Thermosetting compositions substan- 
tially as hereinbefore described. 

50 9. Thermosetting compositions substan- 
tially as described in any of the examples. 

10. Process for the production of thermo- 
setting compositions according tc any cf the 
Claims 1 to 9, characterised in that the poly- 

55 ethylene glyccl is added to the reagents in 
the initial condensation process. 

11. Process for the production cf thermo- 
setting compositions according tc any of 
Claims 1 to 9, characterised in that the poly- 

60 ethylene glycol is added to a solution or dis- 
persion cf the pre-cendensed resin composi- 
tion. 

12. Process for the production of thermo- 
setting compositions according to any of 



Claims 1 to 9, characterised in that the poly- 65 
ethylene glyccl is added after partial con- 
densation of the initial cdndrn ration reagents. 

13. Process according to Claim 11 or 12, 
wherein the modified resin composition is 
subsequently dried and heat-treated. 70 
. 14. Process fcr the production of. thermo- 
setting cempesitions according to any of 
Claims 1 to 9, characterised in that the resin 
is alkylated or partially alkylated by the addi- 
tion of one cr more alcohols containing 1 — 3 75 
carben atoms to the initial condensation 
reagents cr after partial condensation has 
taken place. 

15. Process according to Claim 14, wherein 

the alcohols containing 1 — 3 carbon atoms 80 
are mcnc.hydric alcohols. 

16. Process according to Claim 15, wherein 
the monchydric alcohols are methanol or 
erhanol. 

17. Process according to any of Claims 14 85 
tc 16, wherein the alcohols are added at the 
same time as the polyethylene glycol. 

IS. Process for the production of thermo- 
setting compositions substantially as herein- 
before describe! and with reference to any 90 
cf the specific examples. 

19. Thermosetting compositions whenever 
prepared by the rrccess according to any of 
Cairns 10 to IS. 

20. Process for the production cf glass 95 
fabric laminates for electrical insulation, 
characterised in that an electrical -grade glass 
fabric is impregnated with an aqueous solu- 
tion cf a thermosetting composition according 

to any one cf Claims 1 rc 9, the thus treated 100 
fabric being subsequently heated in a current 
cf hot air until the free water is evaporated 
and until the resin has been advanced in 
condensation by partial precure, resulting in 
some further degree cf dehydration, the thus 105 
obtained resin-leaded fabric then being cut 
into sheers and a plurality of the plies being 
heated and cured in a hot-press. 

21. Mcrl ideation c: the process according 

to Claim 20 : therein the rerin is modified on 110 
the -glasr fabric, in that the glass fabric is 
treated with an aqueous solution of the 
ammctriaziae-sldebyde resin and the poly- 
ethylene glycol. 

22. Process for the production of resin- 115 
bonded rlass fabric laminates, substantially 

as hereinbefore described and with reference 
to any cf Examples 1 to 4. 

23. P.: sin-bonded glass fabric laminates 
whenever produced by the process according 120 
to any one cf Claims 20 to 22. 

24. Electrical . insulated materials, whenever 
made from resin-bonded glass fabric materials 
according to any cf Claims 20 to 23. 

25. Laminated materials which contain 125 
thermosetting compositions according to any 

cf Claims 1 to 9. 

26. Moulded and heat-pressed products, 
whenever prepared from thermosetting com* 
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positions according to any one of Claims 1 to from moulding powder according to Claim 
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from mineral-filled thermosemng composi- Agents for the A^canis? 

24, Southampton Buildings, Chancery Lane, 
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28. Moulded products whenever made 
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PROVISIONAL SPECIFICATION 
Improvements in and relating to Modified Amisiotriazine- 
Formaldehyde iResin Compositions) 

We, British Industries Plastics the weight of aminotxiazine-aldehvde resin nr 

Limited, a Company organised under the re^-formine reaeent med h7r • 

laws of Great Britain, Haymarket House, don is n7S wTS^toS" 

28, Haymarket, London, S.W.L do hereby nortions Th<* 7 i P ^P" 

declare this invention to'be described in £ f£*S SefSlfc "£ t 



following statement; — 
15 f " This invention relates to thermosetting 
compositions and more particularly to the 
manufacture of improved thermosetting com- 
positions comprising ammotriazine-aldehyde 
resins, especially such compositions as are 
used as thermosetting moulding and laminat- 
ing compositions, and mouldings and 
laminates produced therefrom. 

According to the invention thermosetting 
compositions comprising amino-triazine- 
aldehyde resins are' modified to improve their 



20 



25 



30 



33 



40 



45 



50 



55 



60 



. . — ^ u i5^w xuuuiucrs in 

tne initial condensation process to form the 
aminotriazine-aldehyde resin, or at any con- 
venient stage after partial condensation, and 
submitted thereafter to further condensation 
or final curing, whenever desired. Catalysts 
and/or initiation agents, and other additives 
may be added if desired. 

Suitable polyethylene glycols over the 
desired range of molecular weights are avail- 
able commercially. Minor amounts of higher 
or lower molecular weight glycols may be 
present as well, if desired, but in general it 



plasticity or flow ■ndfaStf dSS aTS^lS 
under heat by the incorporation in the com- progressively w*h ^f^ 8 



of the typical composition 

r HO.CH,.CH,(O.CH,.CH,) n OH, 
and of molecular weight within the range 722 
to 7542, Le. where n=15 to 170. Such com- 
positions containing a partially-condensed 
aminotriazine-aldehyde resin and a suitable 



impair water-resistance of the cured resin 
products, increases with lower molecular 
weight, thus limiting the usefulness of 
materials outside the above defined range. 

Suitable materials are " Carbowax " 
(Registered Trade Mark), Polyethylene 



polyethylene glycol are particularly Glycols 1000 ~(mol wT ranse 950^S 

advantageous, and it is possible, according to 1540 (mol w t . range UO^ltoy ^ ^h 

the invention, to provide cured moulded and wt. range 3000— 3700V ^ u 

lammated articles by forming such a partially- sour^^ 

condensed composition and then curing. cribed as 300 (mal wt Sg TO&JoV 

In the manufacture of modified or 1000 (mol. wt ran-e 950- ^50V l^m S 

plasticised • composition according to the wt. range 1300^600? 4Mfl I & ^ ( 

formaldehyde is the preferred aide- 3000-4000); OK ^ange 500^ 



hyde but other aldehydes, e.g. benzaldehyde, 
may be used as well, or instead, if desired. 
The preferred aminotriazine is melamine, but 
related compounds such as ammeline, melam 
and benzoguanamine niay be used as well, 
or instead, if desired. The ratio of aldehyde 
to aminotriazihe may range from about 0.5 to 
2— CHO radicals per — NH 2 group of the 
arninotriazine employed, corresponding in the 
case of melamine formaldehyde resins to 
molecular proportions of 1.3:1 to 6:1 of 
formaldehyde to melamine. In the case of 
melamine a mol ratio of 1.5:1 to 3:1 is pre- 
ferred. It will be understood that suitable 
resin-forming reagents may be employed as 
well as, or instead of the resins themselves. 

The preferred proportions of poly- 
ethylene glycol will normally range for most 
purposes from 2% to 30% by weight on 
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When present during the condensation 
reactions, the polyethylene glycols appear to 
react, as rcsin-modiSers and contribute 
appreciably to improved storage stability of 100 
the aqueous resin compositions. They may 
be added, alternatively, to pre-condensed 
resin composition solutions or dispersions 
which may then be dried and heat-treated, or 
if desired solid fusible resin compositions or 105 
partially-condensed dry powder resin com- 
positions may be blended with the poly- 
glycols and heat-treated, to advance the 
degree of polymerisation while conserving 
adequate fusibility of the products. 110 

It is possible thereby to obtain partially- 
cured resin products which even after very 
thorough pre-drying or pre-cure still retain 
adequate resin-flow and fusibility for hot- 
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press moulding and laminating applications. 
The resultant cured products accordingly 
have much improved dimensional stability 
(modd-shrinkage and after shrinkage are 
5 reduced), better resistance to crazing under 
dry heat and much superior electrical proper- 
ties. 

Hot-pressed products of the invention 
generally have improved plasticity and 

10 flexibility, especially while hot or when re- 
heated. Machining properties of products 
comprising cellulose or ether organic fillers, 
especially hot punching and . post-forming 
properties, are thereby improved. 

15 The modified resins are especially valuable 
for the production of glass-fabric laminates 
for high-duty electrical insulation, where pre- 
viously no really suitable resin plasticiscrs or 
modifiers for aqueous systems of amino- 

20 triazine-aldehyde resins have been found to 
give all the requirements of high dielectric 
strength, good water-resistance, low power 
factor at 90° C, good resistance to tracking 
and arcing, and non-inflammability of the 

25\finished products. 

Melamine-resin bended glass fabric 
laininates for electrical, insulation are normally 
made by impregnating electrical-grade glass 
fabric with an aqueous solution of the resin and 

30 drying the stGck in a current of hot air until 
all the free water is evaporated and the resin 
has been advanced in condensation to some 
extent by partial pre-cure, resulting in some 
further degree of dehydration. The resin- 

35 loaded fabric is then cut into sheets and a 
plurality of these plies is then consolidated 
and cured in a hot-press. For good con- 
solidation it is essential that the resin shall 
have adequate flow and fusibility fo allow 

40 complete expression of air so that all voids are 
filled with resin and so eliminated; and for 
good electrical insulation values it appears 
essential that the residual hydroxyl-content, 
or methylol groups, of the resin shall be 

45 reduced by drying and pre-cure to the lowest 
possible value consistent . with retention of 
sufficient resin fusibility, so that further 
elimination of water from the resin during 
dure in the hot press is also reduced to a 

50 minimum. With unmodified resins obtained 
by the aqueous condensation of melamine 
. and formaldehyde it is found, because of 
these considerations, that although laminates 
of high dielectric strength can be made with- 

55 out any great difficulty, the residual traces 
of water of condensation liberated during 
cure of the resin in hot-pressing are con- 
tained in the products, and their effect is to 
cause a very considerable worsening of the 

60 power factor of the material in use at ele- 
ated temperatures. A further defect is that 
under dry heat such products are found to be 
very prone to microscopic crazing of the 
resin. This may be due in part to differential 

65 thermal co-efficients of expansion of the. 



resin and glass, but appears also to be due 
to some extent to brittleness and shrinkage 
of the resin in drying out with further heat- 
ing. These microscopic cracks subsequently 
allow ingress of moisture when damp condi- 70 
tions are encountered, causing further 
deterioration in insulating properties. In the 
case of such unmodified resins it is invari- 
ably found that all attempts to achieve 
removal of mere water by extra drying — or 75 
heat-treatment — before pressing result in too 
much loss of flow, preventing good consolida- 
tion. 

As already mentioned above, the modified 
resins used according to the present inven- 80 
tion allow extensive predrying without such 
loss of flow and thereby overcome the afore- 
said disadvantages and defects. 

The fell owing examples are given for the 
purpose of illustrating the invention. The 85 
" parts w mentioned are parts by weight. 

Example 1 * 
To a slurry of 504 parts of finely ground 
melamine (4 mols), 490 parts of commercial 
formalin containing 180 parts CH-O (6 mols.), 90 
and 374 parts of water, was added 137 parts 
of commercial Polyethylene Glycol 1500 to- 
gether w r ith 1.5 parts txiethylamine as con- 
densation agent. The mixture was heated 
rapidly to boiling point under a reflux con- 95 
denser, yielding in about 10 to 15 minutes a 
clear solution which was then further con- 
densed by boiling for a total of about H 
hours until a test sample of the solution 
cooled to 20° C. would just tolerate dilution 100 
with 2 volumes of water at 20° C. per 
volume of resin solution without causing pre- 
cipitation of resin, whereupon the charge 
was rapidly cooled. A moderately viscous 
clear resin solution of good storage stability 105 
was obtained. 

Closely-woven square-weave electrical- 
grade glass fabric approximately .005" thick- 
ness, Same cleaned at 450°— -500° C. for 
removal of organic sizing, was impregnated 110 
with said resin solution and drawn over 
rollers to ensure even coating and removal of 
excess resin solution. The conditions were 
adjusted so that after drying (about to be 
mentioned) cf the impregnated fabric the H5 
material contained approximately 56.5 % by 
weight of glass and 43.5% plasticised resin. 
From the impregnated bath the material was 
fed to a well-ventilated hot air oven with a 
residence time of about 10 minutes at 90° 120 
C. in the drying zone, followed by further 
heat treatment for 20 minutes at 120° C. for 
partial pre-cure of the resin. 

Ten plies of this heat-treated resin-loaded 
fabric were assembled in a pack and hot- 125 
pressed between steel plates for 2 hours at 
135° C under an applied pressure of 1000 
lbs. per square inch on the pack, which was 
then cooled under pressure. Power factor 
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tests of this material were made according to 
the method of test described in B.S.S. 1137. 
and recorded .020 at 20° C and 0.213 at 
90° C. 

5 A test piece ,of the laminate was baked 
for 30 minutes at 100° C. in an air-oven, 
cooled, strained with ink and examined under 
the microscope for crazing. No more than a 
few minute surface cracks were detected. 

10 Example 2 

A commercial 1/1.5 mol. ratio melarnine- 
formaldehyde laminating resin, in spray-dried 
powder resin form, was dissolved at 50% con- 
centration in water at 50° — 60° C. To 1000 

15 gm. lost of the solution were added respec- 
tively: — 

(a) 100 gm commercial Poloyethylene 
Glycol 4000. . 

(b) 100 gm. commercial Polyethylene 
20 Glycol 6000, and the solutions cooled to 

room temperature. 

Heat-cleaned glass fabric, as used in 
Example 1, was impregnated with solutions 
(a) to give after drying a glass content of 
25 56%. The drying was for about 10 rninutes 
at 90° C and this was followed by further 
heat-treatment for 20 minutes at 110 — 112° 
C. in the air-oven. Ten plies of the heat- 
treated fabric were assembled and hot pressed 
30 for 3 hours at 125° C. and 1000 lbs. per 
square inch pressure. 

56% glass-content stock impregnated with 
solution (b) was similarly dried and heat- 
treated. 10-ply larninates thereof were cured 
35 during 2\ hours at 125° C. under 1000 lbs. 
p.s.L pressure. . 

Power-factor results of these laminates were 
as follows: — 

(a) .022 at 20 p C. 0.17 at 90° C. 
40 (b) .019 at 20° C. 0.18 at 90° Q 

Example 3 
Heat-cleaned glass fabric, as used in the 
foregoing examples, was impregnated with a 
solution comprising: — 
45 100 parts commercial 1/1.5 mol. ratio mela- 
irune-formaldehyde spray-dried powder lamin- 
ating resin; 

100 parts water; 

15 parts commercial Polyethylene Glycol 
50 1000, giving after drying approximately 56% 
glass-content stock. The material was dried 
for 10 minutes at 90° C and then heat- 
treated for 50 minutes at 100° — 105° C in 
an air oven. 10-ply laminates of the heat 
55 treated material were pressed 2 hours at 125° 



C. under a pressure of 1000 lbs. per square 
inch. Power factor results of the cured lamin- 
ates were as follows: — 

.011 at 20° C. 0.26 at 90° C. 

Example 4 60 
Heat-cleaned glass fabric, as used in pre- 
vious examples was impregnated with a solu- 
tion comprising: — 

100 parts commercial 1/2 mol. ratio mela- 
mine-formaldehyde spray-dried powder larnin- 65 
ating resin; 

100 parts water; 

20 parts commercial Polyethylene Glycol 
4000, giving after drying 56% glass content 
stock. 70 

The material was dried for 10 minutes at 
90° G and then heat treated for 12 minutes 
at 110°— 112° C. in the air oven. 10-ply 
laminates of the heat-treated material were 
cured during 3 hours at 125° C. under 1000 75 
lbs. pej square inch pressure. 

Power factor results of the cured laminates 
were as follows: — ■ 

0.028 at 20° C. 0.532 at 90° C. 

Comparison Example 80 
For comparison with the foregoing 
examples heat-cleaned glass fabric as used in 
said examples was impregnated with a 50% 
aqueous solution of the commercial 1/2 mol. 
arauo melarnine-formaldehyde spray-dried 85 
powder laminating resin to give 55% — 56% 
glass content after drying. The material was 
dried for 10. rninutes at 90° G, and in 
further experiments 15—20 minutes at 80° 
C.j in an air-oven. Further drying or heat 90 
treatment of these materials led in all cases 
to loss of flow and insufficient fusibility to 
give good bonding in subsequentiy hot-press- 
ing. 10-ply laminates were pressed under a 
pressure of 1000 lbs. per square inchu> from 95 
the above material, having been cautiously 
dried as described, and cured for 2 hours at 
125° C. 

Power factor results of cured laminates 
were of the order of 0.2—0.3 at 20° C. and 100 
greater than 1 at 90° C. 
. Test pieces of these laminates when baked 
for 30 minutes at 100° C. in the air-oven, . 
cooled and stained with ink, showed very bad 
crazing of the material. 105 

CARPMAELS & RANSFORD, 
Agents for the Applicants, 
24, Southampton Buildings, Chancery Lane, 
London, W.C.2. 
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